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(57) ABSTRACT 

The present invention relates to dispersions of nanoureas 
comprising biologically active compounds, a process for 
their preparation, and their use. 
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DISPERSIONS OF NANOUREAS 
COMPRISING BIOLOGICALLY ACTIVE 

COMPOUNDS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority under 35 U.S.C. 
S119 (a-d) to German application 10 2006 038940.9, filed 
Aug. 18, 2006. 

FIELD OF THE INVENTION 

0002 The present invention relates to dispersions of 
nanoureas comprising biologically active compounds, a 
process for their preparation, and their use. 

BACKGROUND OF THE INVENTION 

0003. The finishing of a plastic with a biologically active 
compound often fails because of the fact that the active 
compound is incompatible with the plastic and therefore 
homogeneous incorporation is not possible. The locally 
differing active compound concentration is a great disad 
vantage, as by means of this areas result which are free of 
active compound and thus inactive. Moreover, the mechani 
cal properties of the plastic can be very disadvantageously 
influenced in the case of inhomogeneous incorporation. 
0004 If the plastic is to be modified by dissolving the 
active compound and mixing it with the (optionally likewise 
dissolved) plastic, this process has the following disadvan 
tages: on the one hand, equally suitable solvents cannot be 
found for all active compounds and plastics; on the other 
hand, the use of organic solvents is in principle disadvan 
tageous, interalia on account of the fact that residues thereof 
can remain in the product, which would not be acceptable, 
for example, for medicotechnological articles. 
0005. The finishing of plastics with biologically active 
compounds, however, is important, in particular in the field 
of medical devices. For instance, the bacterial colonization 
of medical devices such as catheters is a great problem, 
because this is often the initial step for Subsequent, serious 
infection of the patient treated. Numerous processes for the 
antimicrobial finishing of catheters have therefore been 
proposed, both the finishing of the catheter material itself 
(e.g. of silicone, polyurethane, latex or PVC), and coating 
with an antimicrobially active material being possible. As 
antimicrobially active coatings, it has been proposed, for 
example, to deposit a pure metal layer of doped silver (U.S. 
Pat. No. 5,320,908, U.S. Pat. No. 5,395,651 & U.S. Pat. No. 
5,965,204); the adhesion of these (friable) coatings to the 
catheter material, however, is poor. Coatings of special 
inorganic glasses which release Ag, Cu or Zn ions by 
hydrolysis of the glass are a further proposal (U.S. Pat. No. 
6,143.318). Mixtures of Ag salts with sulphonamides (U.S. 
Pat. No. 4,581,028) or triclosan (WO 2000/57933), and the 
use of metal colloids have furthermore been proposed. In 
addition to the disadvantages already described, all afore 
mentioned coatings, however, moreover have the disadvan 
tage that the release of the active compound, in the examples 
cited Ag ions, is not constant in terms of time, i.e. the Ag 
ions are eluted very rapidly at the beginning, then the release 
decreases considerably and the antimicrobial activity is lost. 
Compensation of the effect by appropriate increase in the 
initial active compound concentration is not possible, as 
undesired side effects can thereby occur. In the case of 
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catheters, for example, frequent exchange is therefore nec 
essary in order to reduce the microbial contamination. 
0006 DE-A 697 34 168 describes implants having a 
hollow space which contains active compounds and slowly 
releases these. This form of encapsulation is very involved 
and the implant must be inserted by means of a Surgical 
intervention. Transfer of this method of resolution to coat 
ings or plastics is not possible with a macroscopic "slow 
release' system of this type. 
0007. In DE-A 10 2004 030504, the use of pH-sensitive 
polymers for the coating of macroscopic, oral pharmaceu 
tical forms for selective active compound release is 
described. The applicability is restricted to areas in which 
release of the active compounds is to be brought about by 
selective change of the pH in the environment. 
0008. In DE-A 698 19 145, biodegradable polymers are 
employed in order to encase active compounds. The problem 
is the lack of stability of compounds of this type in aqueous 
systems on account of their susceptibility to hydrolysis or 
microbial degradation. 
0009. DE 4122591 describes microparticles of water 
insoluble polymers, which are dispersed in water and con 
Solidated using a gelling agent. On Subsequent drying, 
polymer pellets are obtained. The disadvantages are a very 
involved preparation process and the incompatibility of the 
microparticles with many additives from galenics Such as 
Surfactants or ionically charged polymers. 
(0010 DE 19930795 describes the encapsulation of active 
compounds by diffusion into polymer beads of 50 to 2000 
um diameter. The use of polylactates in turn leads to a 
system which is not stable on storage in the presence of 
moisture and to instability to microorganisms. 
0011. In EP 04291.87, slow-release formulations of 
crosslinked polyvinylpyrrolidones are described which con 
tain a certain type of Steroids and can release with a delay. 
The process described is restricted to the use of a certain 
class of Steroids. 
0012 All systems described are suitable only for specific 
application systems and certain classes of active compound. 
A process with which a broad spectrum of active compounds 
can be covered is not described. Furthermore, the production 
of the respective systems is in general involved and in some 
cases does not make possible the complete separation of 
Solvents used. Incorporation into plastics or coatings is not 
described. 
0013 The preparation of aqueous nanourea dispersions 
containing urea particles of a size from 10 to 400 nm is 
known in principle and described, for example, in WO 
2005/063873. In this process, hydrophilized polyisocyanates 
are added to water, optionally in the presence of a catalyst, 
whereby crosslinkage within the essentially dispersed par 
ticles takes place by means of urea bonds. To what extent 
Such dispersions are compatible with active compounds 
and/or can be employed for the modification of plastics 
which show controlled release behaviour of the active 
compounds contained therein is not described. 

SUMMARY OF THE INVENTION 

0014. The object of the present invention was therefore 
the making available of an active compound-compatible 
plastic matrix, from which both coatings and materials and 
moulded articles can be produced and which shows “con 
trolled release behaviour, that is controlled release charac 
teristics, optionally delayed over a period of time. 
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0015. It has now been found that this object can be 
achieved by special nanourea dispersions which contain 
active compounds intended for release. 
0016. The present invention therefore relates to a process 
for the preparation of active compound-containing, aqueous 
nanourea dispersions, in which 

0017 A) nanoureas are formed by reaction of hydro 
philized polyisocyanates in an aqueous medium with 
the formation of urea structures —NH COO) NH , 
where 

0018 B) at least one active compound is added before, 
during or after the urea formation in A. 

0019 Below, biologically active compounds are defined 
as elements or chemical compounds which have an action on 
living systems, in particular prions, viruses, bacteria, cells, 
fungi and organisms. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0020. As used herein in the specification and claims, 
including as used in the examples and unless otherwise 
expressly specified, all numbers may be read as if prefaced 
by the word “about’, even if the term does not expressly 
appear. Also, any numerical range recited herein is intended 
to include all Sub-ranges Subsumed therein. 
0021 Examples of biologically active compounds 
include are biocidal compounds which have, for example, 
pesticidal, fungicidal, algicidal, insecticidal, herbicidal, 
spermicidal, parasiticidal, antibacterial (bacteria-destroy 
ing), bacteriostatic, antibiotic, antimycotic (fungi-destroy 
ing); antiviral (virus-destroying), Virostatic and/or antimi 
crobial (microbe-destroying) action. Active compound 
combinations and combination, for example, with excipi 
ents, binders, neutralizing agents or additives are also pos 
sible. Other active compounds and combinations, for 
example active compounds from the field of human medi 
cine or veterinary medicine, can also be employed. 
0022. As hydrophilized polyisocyanates, all NCO group 
containing compounds known to the person skilled in the art 
can be employed per se which are non-ionically, (poten 
tially) anionically or (potentially) cationically hydro 
philized. Preferably, the hydrophilized polyisocyanates have 
at least one non-ionically hydrophilized structural unit. 
Particularly preferably, the hydrophilization of the polyiso 
cyanates is carried out exclusively by non-ionically hydro 
philizing groups. 
0023. Such non-ionically hydrophilizing groups are pref 
erably introduced into polyisocyanates by reaction with 
polyethers, these polyethers preferably being monofunc 
tional with respect to groups contained therein which are 
reactive to NCO groups. Examples of such NCO-reactive 
groups are hydroxyl, thiol or amino functions. In principle, 
however, these can also contain more than one NCO 
reactive group. 
0024. The polyethers of the aforementioned type 
employed for hydrophilization are typically polyoxyalky 
lene ethers, in which preferably 30% by weight to 100% by 
weight of the oxyalkylene units are oxyethylene groups and 
up to 70% by weight are oxypropylene units. 
0025 Particularly preferably, they correspond to the type 
mentioned above and have, on statistical average, 5 to 70, 
preferably 7 to 55, oxyethylene groups per molecule. 
0026. Such polyethers are accessible in a manner known 
per se by alkoxylation of Suitable starter molecules (e.g. in 
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Ullmanns Encyclopädie der technischen Chemie Ullmann's 
Encyclopaedia of Industrial Chemistry, 4th Edition, Vol 
ume 19, Verlag Chemie, Weinheim pp. 31-38). 
0027 Suitable starter molecules are, for example, satu 
rated monoalcohols such as methanol, ethanol, n-propanol, 
isopropanol, n-butanol, isobutanol, sec-butanol, the isomeric 
pentanols, hexanols, octanols and nonanols, n-decanol, 
n-dodecanol, n-tetradecanol, n-hexadecanol, n-octadecanol, 
cyclohexanol, the isomeric methyl-cyclohexanols or 
hydroxymethylcyclohexane, 3-ethyl-3-hydroxymethyloxet 
ane or tetrahydrofurfuryl alcohol, diethylene glycol 
monoalkyl ethers such as, for example, diethylene glycol 
monobutyl ether, unsaturated alcohols such as allyl alcohol, 
1,1-dimethylallyl alcohol or oleyl alcohol, aromatic alcohols 
Such as phenol, the isomeric cresols or methoxyphenols, 
araliphatic alcohols such as benzyl alcohol, anisyl alcohol or 
cinnamyl alcohol, secondary monoamines Such as dimethy 
lamine, diethylamine, dipropylamine, diisopropylamine, 
dibutylamine, bis(2-ethylhexyl)amine, N-methyl- and 
N-ethylcyclohexylamine or dicyclohexylamine and hetero 
cyclic secondary amines Such as morpholine, pyrrolidine, 
piperidine or 1H-pyrazole. Preferred starter molecules are 
saturated monoalcohols. Particularly preferably, methanol, 
butanol and diethylene glycol monobutyl ether are used as 
the starter molecule. 
0028. Alkylene oxides suitable for the alkoxylation reac 
tion are in particular ethylene oxide and propylene oxide, 
which can be employed in the alkoxylation reaction in any 
desired sequence or alternatively as a mixture. 
0029. The hydrophilized polyisocyanates are based on 
aliphatic, cycloaliphatic, araliphatic and aromatic polyiso 
cyanates known per se to the person skilled in the art and 
having more than one NCO group per molecule and an 
isocyanate content of 0.5 to 50, preferably 3 to 30, particu 
larly preferably 5 to 25, 96 by weight or their mixtures. 
0030 Examples of such suitable polyisocyanates are 
butylene diisocyanate, tetramethylene diisocyanate, cyclo 
hexane-1,3- and 1,4-diisocyanate, hexamethylene diisocy 
anate (HDI), 1-isocyanato-3,3,5-trimethyl-5-isocyanatom 
ethylcyclohexane (isophorone diisocyanate, IPDI), 2.4.4- 
trimethylhexamethylene diisocyanate, isocyanatomethyl-1, 
8-octanediisocyanate, methylenebis(4- 
isocyanatocyclohexane), tetramethylxylylene diisocyanate 
(TMXDI) or triisocyanatononane (TIN, 4-isocyanatom 
ethyl-1,8-octane diisocyanate) and optionally also mixtures 
with other di- or polyisocyanates. In principle, aromatic 
polyisocyanates Such as 1,4-phenylene diisocyanate, 2,4'- 
and/or 2,6-toluoylene diisocyanate (TDI), diphenylmethane 
2,4'- and/or 4,4'-diisocyanate (MDI), triphenylmethane-4,4'- 
diisocyanate, naphthylene-1,5-diisocyanate are also Suit 
able. 
0031. In addition to the aforementioned polyisocyanates, 
higher molecular weight secondary products with uretdione, 
isocyanurate, urethane, allophanate, biuret, iminooxadiaz 
inedione and/or oxadiazinetrione structure can also be 
employed. Such secondary products are known in a known 
manner from the monomeric diisocyanates modification 
reactions which are known and described, for example, in 
Laas et al., J. prakt. Chem., 336, 1994, 185-200. 
0032 Preferably, the hydrophilized polyisocyanates of 
component A) are based on polyisocyanates or polyisocy 
anate mixtures of the aforementioned type having exclu 
sively aliphatically or cycloaliphatically bonded isocyanate 
groups or their arbitrary mixtures. 
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0033 Particularly preferably, the hydrophilized polyiso 
cyanates are based on hexamethylene diisocyanate, isophor 
one diisocyanate or the isomeric bis(4,4'-isocyanatocyclo 
hexyl)methanes and mixtures of the aforementioned 
diisocyanates. 
0034 Catalysts can additionally be used for the prepara 
tion of the nanourea dispersions. Those Suitable are, for 
example, tertiary amines, tin, Zinc or bismuth compounds or 
basic salts. 

0035) Suitable tertiary amines are triethylamine, tributy 
lamine, dimethylbenzylamine, dicyclohexylmethylamine, 
dimethylcyclohexylamine, N.N.N',N'-tetramethyldiamino 
diethyl ether, bis-(dimethylaminopropyl)urea, N-methyl 
and N-ethylmorpholine, N,N'-dimorpholinodiethyl ether 
(DMDEE), N-cyclohexylmorpholine, N.N.N',N'-tetrameth 
ylethylenediamine, N.N.N',N'-tetramethylbutanediamine, 
N.N.N',N'-tetramethylhexane-1,6-diamine, pentamethyldi 
ethylenetriamine, dimethylpiperazine, N-dimethylaminoet 
hylpiperidine, 1,2-dimethylimidazole, N-hydroxypropylimi 
dazole, 1-azabicyclo-(2.2.0)-octane, 1,4-diazabicyclo-(2.2, 
2)octane (Dabco) and alkanolamine compounds, such as 
triethanolamine, triisopropanolamine, N-methyl- and N-eth 
yldiethanolamine, dimethylaminoethanol, 2-(N,N-dimethy 
laminoethoxy)ethanol, N,N',N-tris(dialkylaminoalkyl) 
hexahydrotriazines, e.g. N,N',N-tris(dimethylaminopropyl)- 
s-hexahydro-triazine, iron(II) chloride, zinc chloride or lead 
Octoate. 

0036 Tertiary amines of the aforementioned type, tin 
salts, such as tin dioctoate, tin diethylhexoate, dibutyltin 
dilaurate and/or dibutyldilauryltin mercaptide 2,3-dimethyl 
3,4,5,6-tetrahydropyrimidine, tetraalkylammonium hydrox 
ides, such as tetramethylammonium hydroxide, alkali metal 
hydroxides, such as Sodium hydroxide, alkali metal alkox 
ides, such as sodium methoxide and potassium isopropoxide 
and/or alkali metal salts of long-chain fatty acids having 10 
to 20 carbon atoms and optionally lateral OH groups are 
preferred. 
0037 Particularly preferred catalysts are tertiary amines; 
triethylamine, ethyldiisopropylamine and 1,4-diazabicyclo 
2.2.2]octane are very particularly preferred. 
0038. These catalysts are typically employed in amounts 
of 0.01 to 8% by weight, preferably of 0.05 to 5% by weight, 
particularly preferably of 0.1 to 3% by weight, based on the 
total solids content of the resulting dispersion. Mixtures of 
the catalysts can also be added. 
0039. It is possible to add to the mixture solvents such as, 
for example, N-methylpyrrolidone, N-ethylpyrrolidone, 
methoxypropyl acetate, dimethyl Sulphoxide, methylox 
ypropyl acetate, acetone and/or methyl ethyl ketone. After 
termination of the reaction and dispersion, Volatile solvents 
Such as acetone and/or methyl ethyl ketone can be removed 
by distillation. Preparation without solvents and the use of 
acetone or methyl ethyl ketone is preferred; preparation 
without solvents is particularly preferred. 
0040. For the preparation of the dispersions, the hydro 
philized polyisocyanates described above are dispersed in an 
aqueous medium, optionally in the presence of catalysts. 
0041 Dispersion and reaction are preferably carried out 
by means of thorough mixing by a stirrer or other types of 
thorough mixing Such as recirculation, static mixer, spike 
mixer, nozzle jet disperser, rotor and stator or under the 
influence of ultrasound. 
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0042. In principle, during or after the dispersion, a modi 
fication of NCO groups with isocyanate-reactive compounds 
Such as primary or secondary amines and/or (poly) alcohols 
can be carried out. 
0043 Preferably, the molecular ratio of NCO groups of 
the hydrophilized polyisocyanate to water is 1:100 to 1:5. 
particularly preferably 1:30 to 1:10. 
0044. In principle, it is possible to disperse the hydro 
philized polyisocyanate in the water in one portion. Con 
tinuous addition of the hydrophilized polyisocyanate, for 
example over a period of 30 minutes to 20 hours, is also 
possible. However, addition in portions is preferred, the 
number of portions being 2 to 50, preferably 3 to 20, 
particularly preferably 4 to 10, where the portions can be of 
identical or alternatively different size. 
0045. The waiting time between the individual portions is 
typically 5 minutes to 12 hours, preferably 10 minutes to 8 
hours, particularly preferably 30 minutes to five hours. 
0046 Continuous addition of the hydrophilized polyiso 
cyanate over a period of 1 hour to 24 hours, preferably 2 
hours to 15 hours is likewise preferred. 
0047. In the urea particle preparation, the vessel tempera 
ture is typically 10 to 80° C., preferably 20 to 70° C. and 
particularly preferably 25 to 50° C. 
0048 Preferably, following the reaction of hydrophilized 
polyisocyanate and water, the reactor is evacuated at internal 
temperatures of 0° C. to 80° C., preferably 20° C. to 60° C. 
and particularly preferably 25°C. to 50° C. The evacuation 
is carried out up to an internal pressure of 1 to 900 mbar, 
preferably 10 to 800 mbar, particularly preferably 100 to 400 
mbar. The duration of this degassing Subsequent to the actual 
reaction is typically 1 minute to 24 hours, preferably 10 
minutes to 8 hours. Degassing is also possible by means of 
temperature increase without evacuation. 
0049 Preferably, simultaneously to the evacuation the 
nanourea dispersion is thoroughly mixed, e.g. by Stirring. 
0050. The solids content of the urea particles present in 
the dispersion obtained according to A) is typically 10 to 
60% by weight, preferably 20 to 50% by weight, particularly 
preferably 30 to 45%. 
0051. The incorporation of the active compounds can be 
carried out during or after the particle preparation. For this, 
the active compounds can be present even during the dis 
persion of the hydrophilized polyisocyanate or can be 
metered parallel to this or added after the preparation of the 
particles. At least partial absorption of the active compound 
in the particles occurs here. This absorption in the interior 
and/or on the surface of the particles leads to time-distrib 
uted release characteristics of the active compound. 
0052. If the active compound added is not completely 
dissolved or absorbed into the dispersion, residual active 
compound can be separated off, for example by filtration. 
0053. In order to remove active compounds dissolved in 
the dispersion water, not bonded to the nanourea, the dis 
persion can be freed of low molecular weight constituents, 
for example, by dialysis or ultrafiltration according to pro 
cesses known per se. The particular exclusion limit of the 
membrane is to be chosen here according to the hydrody 
namic volume of the dissolved active compound. Preferred 
exclusion limits are less than 1 000 000 Daltons (g/mol), 
particularly preferably less than 100 000 Daltons (g/mol). 
0054 Typically, the amount of active compound, based 
on the solids content of the urea particles present, is 0.0001 
to 50% by weight, preferably 1 to 20% by weight, particu 
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larly preferably 5 to 15% by weight. The amount of the 
active compounds in general depends on the amount of the 
particular active compound needed for the particular indi 
cation. 
0055 Active compounds which are only poorly or not 
soluble whatsoever in water are preferably mixed with the 
hydrophilized polyisocyanate optionally with the aid of 
co-solvents and Subsequently dispersed in the aqueous 
medium. Preferably, these active compounds, however, con 
tain no NCO-reactive groups or if they do contain such 
groups, the reaction to give the urea must be designed Such 
that a noticeable reaction of the NCO groups with the active 
compound does not occur. If solvents are employed for the 
incorporation of active compounds, they are preferably 
removed again by distillation following the incorporation. 
0056. In the incorporation of the active compounds, 
temperatures of 25 to 100° C. are preferably chosen. 
0057. In the process according to the invention, it is 
additionally possible, of course, to use excipients and addi 
tives such as, for example stabilizers, Surfactants, solubiliz 
ers, neutralizing agents, trapping reagents for reactive 
groups, flow auxiliaries and/or free-radical scavengers. 
0058. The dispersions obtainable by the process accord 
ing to the invention and the active compound-containing 
nanoscale urea particles contained therein are a further 
subject of the invention. 
0059. These nanourea particles have an average particle 
size determined by means of laser correlation spectroscopy 
of 10 to 300 nm, preferably 20 to 150 nm. These active 
compound-containing nanourea dispersions can also be 
dried by methods customary per se in the industry, Such as 
distillation, freeze drying or spray drying. 
0060. Both the dispersions obtained according to the 
invention and the particles contained therein are valuable 
starting materials for the production of active compound 
containing coatings, materials and moulded articles which 
are preferably based on polyurethanes. 
0061 For incorporation in a coating formulation, the 
active compound-containing nanourea dispersions can be 
employed as such, in particular if the coating formulation 
itself contains constituents dispersed in water, such as, for 
example, the binder. 
0062 However, it is also possible to dry the dispersions 
and to incorporate the active compound-containing 
nanoureas as a Solid. Incorporation of the nanoureas with 
active compounds in a solvent is also possible. 
0063 Preferred binders in such coating formulations are 
polyurethanes, poly(meth)acrylates, polyesters and silicones 
of all types. Polyurethanes which can be employed in the 
form of aqueous dispersions, Solutions in organic solvents or 
also free of solvents are particularly preferred. Single- and 
two-component polyurethanes can similarly be employed 
here. 

0064. This coating formulation can be applied to an 
article in any desired manner, for example by spraying, 
vapourizing, brushing, immersing, flooding or with the aid 
of rollers and doctor blades. Suitable substrates are, for 
example, metals, plastics, in particular polyethylene, 
polypropylene, polytetrafluoroethylene, polyurethanes, sili 
cones, polyvinyl chloride, poly(meth)acrylates, polycarbon 
ates, polyesters, wood, material, fabric or glass. The appli 
cation of the coating formulation and the drying and/or 
hardening can be carried out before, during or after shaping 
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of the article. The drying and/or hardening is carried out at 
room temperature or elevated temperatures, optionally under 
reduced pressure. 
0065. Materials and moulded articles which can be pro 
duced with the aid of the particles and dispersions according 
to the invention or can be coated with coatings comprising 
the particles according to the invention are all commodities 
known per se, in which microbial exposure occurs, for 
example, due to frequent contact (e.g. handles of any type), 
but articles for storage, transport (e.g. pipes) or processing 
of liquid media can also be understood among these. How 
ever, articles from the medicotechnology field Such as, for 
example, catheters, tubes, vessels, orifices, implants, artifi 
cial organs (outside and inside the body), protheses, vascular 
protheses (stents), visual aids (e.g. contact lenses), endo 
Scopes and wound coverings are preferred. 

EXAMPLES 

0066. If not noted differently, all percentages refer to 
percentage by weight. 
0067. If not noted differently, all analytical measurements 
refer to temperatures of 23° C. 
0068. The stated viscosities were determined by means of 
rotary viscometry according to DIN 53019 at 23° C. using 
a rotary viscometer from Anton Paar Germany GmbH, 
Ostfildern, DE. 
0069. If not expressly mentioned otherwise, NCO con 
tents were determined volumetrically according to DIN-EN 
ISO 11909. 

0070 The stated particle sizes were determined by means 
of laser correlation spectroscopy (apparatus: Malvern Zeta 
sizer 1000, Malver Inst. Limited). 
0071. The solids contents were determined according to 
DIN-EN ISO 3251. 

0072 Checking for free NCO groups was carried out by 
means of IR spectroscopy (band at 2260 cm). 
0073. The concentrations of the silver ions were deter 
mined spectroscopically according to DIN ISO 17025. 
0074 Dialyses were carried out using the Float-A- 
Lyzer R floating dialysis tubes of Spectra/Por(R). The tube 
material was cellulose ester membranes having a nominal 
exclusion limit of 25 000 g/mol. The membranes were rinsed 
with deionized water before use and conditioned in a water 
bath. 

Chemicals 

0075 Bayhydur R. VPLS 2336: hydrophilized polyiso 
cyanate based on hexamethylene diisocyanate, Solvent 
free, viscosity about 6800 mPa s, isocyanate content 
about 16.2%, Bayer MaterialScienceAG, Leverkusen, 
DE. 

0.076 Impranil.R DLN Anionically hydrophilized, 
uncrosslinked, aliphatic polyesterpolyurethane disper 
sion in water having a solids content of about 40%) 
Bayer MaterialScience AG, Leverkusen, DE. 

0.077 Isofoam R) 16: antifoam agent, Petrofer-Chemie, 
Hildesheim, DE. 

0078. The other chemicals were obtained from the fine 
chemicals business of Sigma-Aldrich GmbH, 
Taufkirchen, DE. 
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Active Compounds: 

0079 

Active 
compound 

Active compound content Source 

1 Ciprofloxacin 100% Bayer HealthCare AG, 
Leverkusen, DE 

2 Acetylsalicylic acid 100% Sigma-Aldrich Chemie GmbH, 
Taufkirchen, DE 

3 Salicylic acid 100% Sigma-Aldrich Chemie GmbH, 
Taufkirchen, DE 

4 Silver nitrate 100% Sigma-Aldrich Chemie GmbH, 
Taufkirchen, DE 

5 1-Cetylpyridinium 100% Sigma-Aldrich Chemie GmbH, 
chloride Taufkirchen, DE 

6 Hyamine 1622 100% Sigma-Aldrich Chemie GmbH, 
Taufkirchen, DE 

7 Prevento D7 14%. Formulation of isothiazolones, 
Lanxess AG, Leverkusen, DE 

8 Potassium 50% Prepared by mixing equimolar 
iodide-iodine amounts of potassium iodide and 
complex iodine in water, both chemicals 

from Sigma-Aldrich Chemie 
GmbH, Taufkirchen, DE 

9 Propyl 00% Sigma-Aldrich Chemie GmbH, 
p-hydroxybenzoate Taufkirchen, DE 

O Hexamethoxymethyl- 84% Sigma-Aldrich Chemie GmbH, 
melamine Taufkirchen, DE 

1 Urotropin 00% Sigma-Aldrich Chemie GmbH, 
Taufkirchen, DE 

2 4- 00% Sigma-Aldrich Chemie GmbH, 
Hydroxybenzophenone Taufkirchen, DE 

3 Curcumin 00% Sigma-Aldrich Chemie GmbH, 
Taufkirchen, DE 

4 Prevento R50 50% Benzalkonium chloride, Lanxess 
AG, Leverkusen, DE 

5 Preventol O extra 00% Sodium 2-phenylphenolate, 
Lanxess AG, Leverkusen, DE 

6 Prevento SB extra 00% N-(4-Chlorophenyl)-N'-(3,4- 
dichloro-phenyl)urea, Lanxess 
AG, Leverkusen, DE 

7 Prevento CMK 00% 4-Chloro-3-methylphenol, 
pastilles Lanxess AG, Leverkusen, DE 

8 Glutaraldehyde 50% Sigma-Aldrich Chemie GmbH, 
Taufkirchen, DE 

9 Formaldehyde 37% Sigma-Aldrich Chemie GmbH, 
Taufkirchen, DE 

20 Camphor (racemic) 100% Sigma-Aldrich Chemie GmbH, 
Taufkirchen, DE 

21 Menthol (racemic) 100% Sigma-Aldrich Chemie GmbH, 
Taufkirchen, DE 

Example 1 

Preparation of a Nanourea Dispersion without 
Active Compound 

0080 820.20 g of Bayhydur R. VP LS 2336 and subse 
quently 0.32 g of Isofoam.R. 16 were added to a solution of 
20.72 g of triethylamine in 4952 g of deionized water at 30° 
C. with vigorous stirring and stirred further. After 3, 6 and 
9 hours, in each case a further 820.20 g of Bayhydur R VP 
LS 2336 and subsequently 0.32 g each of Isofoam 16 were 
added and the mixture was subsequently stirred at 30°C. for 
a further 4 hours. Afterwards, it was stirred under a vacuum 
of 200 mbar and at 30° C. for a further 3 hours and the 

resulting dispersion was bottled. 
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I0081. The white dispersion obtained had the following 
properties: 

Solids content: 40% 
Particle size (LKS): 83 mm 
Viscosity (viscometer, 23° C.): &SO mPas 
pH (23° C.): 8.33 

I0082 Charge determination: total charge 57-6 Leq/g, 
Surface charge 15-t1 Leq/g 
I0083 Zeta potential (pH=8): 24.9+1.0 

Example 2 

Subsequent Loading of a Nanourea with Active 
Compounds 

I0084. For the preparation of active compound-containing 
nanourea dispersions, in each case 50 g of the nanourea 
dispersion from Example 1 were in each case treated with 
Such a quantity of the active compounds 1 to 21 that an about 
3% strength active compound concentration resulted based 
on the solids content. The mixture was vigorously stirred for 
18 hours by means of a magnetic stirrer. After filtration of 
the resulting dispersion, 10 ml each of the sample obtained 
were filled into a dialysis tube and dialyzed twice against 
about one litre each of deionized water (altogether about 22 
hours). The samples were withdrawn from the dialysis tube 
by means of a pipette and employed in the active compound 
teSt. 

Example 3 

Preparation of a Nanourea in the Presence of an 
Active Compound 

I0085) 410 g of BayhydurR VP LS 2336 and 41.0 g of 
camphor were mixed in a reaction vessel with stirring. 
Subsequently, the mixture was dispersed at about 23° C. 
with vigorous stirring by addition of 1058 g of deionized 
water and treated with 0.04 g of Isofoam 16 and 2.59 g of 
triethylamine. Immediately thereafter, a vacuum of 200 
mbar was applied and the mixture was stirred for about 10 
hours; the temperature meanwhile rose in the course of this 
to about 30% C. The resulting dispersion was bottled. 
I0086. The white dispersion obtained had the following 
properties: 

Solids content: 27% 
Particle size (LKS): 93 mm 
Viscosity (viscometer, 23° C.): &SO mPas 
pH (23° C.): 6.98 

Example 4 

Preparation of a Nanourea in the Presence of an 
Active Compound 

I0087. The procedure was as described in Example 3, but 
racemic menthol was employed instead of camphor. 
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0088. The white dispersion obtained had the following 
properties: 

Solids content: 28% 
Particle size (LKS): 86 mm 
Viscosity (viscometer, 23° C.): &SO mPas 
pH (23° C.): 7.90 

Example 5 
Test of the Active Compound-Loaded Nanourea 

Dispersions for Action Against Bacteria 
0089 Cells of Staphylococcus epidermidis 498 and 
Bacillus subtilis 168 are plated out on agar plates Such that, 
after incubation overnight at 37° C., they have formed a 
visible cell lawn on the agar. The agar contained a complex 
nutrient-rich medium (Müller-Hinton medium, ODoo-0.1 
set; 200 ul plated out per plate, dried at room temperature for 
one hour). A hole was in each case punched in the centre of 
the plates. Active compound-containing nanourea disper 
sions (100 ul), which had been prepared analogously to 
Example 2 and in which the active compound was present 
exclusively in bound form, were filled into this hole. After 
incubation overnight, the agar was examined for diffusing 
antibiotic active compounds in that the missing cell lawn 
around the punched-out hole can be seen (“inhibition 
halos'). These inhibition halos were compared with an agar 
plate without further additives and an agar plate with an 
active compound-free nanourea dispersion. 

TABLE 

Diameter of the inhibition halos in micrometres minus the diameter 
of the punched-out hole for active compound application (C to E: 

dispersions of Example 2. B. dispersion of Example 1 

Inhibition halo in Lim 

Staphylococcits Bacilius 
Experiment Active compound epidermidis 498 subtilis 168 

A. without additives O O 
B Comparison: nanourea O 100 

without active compound 
(from Example 1) 

C Silver nitrate 400 300 
D 1-Cetylpyridinium 3OO 200 

chloride 
E Prevento D 7 900 700 

0090. It was seen that, in comparison to the control 
experiments A and B, on use of active compound-modified 
nanourea dispersions (C to E) an antimicrobial action is 
present. 
0091. Furthermore, the active compound-loaded 
nanourea dispersions according to the invention have a 
controlled release profile based on the active compound 
contained therein in bound form. This can be seen by means 
of the antibacterial action detected, since, on account of the 
preceding dialysis, the dispersions employed themselves no 
longer contained any free unbound active compound and the 
antibacterial action can only occur by bound active com 
pound being released again. 

Example 6 
Test of the Active Compound-Loaded Nanourea 

Dispersions for Action Against Bacteria 
0092. A test according to Example 5 was carried out in an 
overnight culture of Staphylococcus epidermidis (ATC 
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14990). The underlying active compound-loaded disper 
sions F to K were in turn prepared analogously to Example 
2. As comparisons L to O. aqueous solutions having various 
concentrations of ciprofloxacin (Cipro) were additionally 
tested. 

Inhibition halo in mm 
Staphylococcits 
epidermidis 

Experiment Active compound (ATC 14990) 

F Acetylsalicylic acid 13 
G Salicylic acid 38 
H Potassium iodide-iodine complex 14 
I Hexamethoxymethylmelamine 13 
J Prevento R50 36 
K Formaldehyde 21 
L Cipro 1 mM 43 
M Cipro 0.1 mM 36 
N Cipro 0.01 mM 26 
O Cipro 0.001 mM 11 

Example 7 

0093 Test for determining a delayed release of active 
compound (slow-release properties) 
0094) a) 900 g each of the nanourea dispersion from 
Example 1 were treated with 36 g of silver nitrate in a 
beaker with stirring. The dispersion was stirred at room 
temperature for 24 hours and Subsequently stored in a 
closed bottle for 5 months. 

0.095 
of the mixture were stirred into 40 g of Impranil DLN 

1.04 g (corresponding to 0.04 g of silver nitrate) 

(80 minutes). Subsequently, a film is drawn on a glass 
plate using a doctor blade (gap: 210 um) and dried at 
room temperature for one hour. The film was detached 
and a piece threexthree cm in size was excised from the 
centre. The excised film was laid in 10 ml of deionized 

water in a screw-capped bottle such that the water 
completely flows around the film. After 24 hours, the 
water was changed in order to separate Superficially 
attached silver ions. 

0.096 Subsequently, the water was changed after 3, 7 
and 51 days for new deionized water (counted from the 
first change of water) and in each case the concentra 
tion of silver ions was analysed. 

0097 b) The procedure was analogous to a), but the 
mixture of silver nitrate and nanourea dispersion was 
freshly prepared and directly employed further after the 
24-hour mixing. 

0.098 c) (Comparison experiment) The procedure was 
analogous to a), but instead of the mixture of silver nitrate 
and nanourea dispersion, 0.04 g of silver nitrate were 
directly mixed into the Impranil DLN dispersion. 

(0099 Table: Extraction profile of the silver ions deter 
mined from the concentration of silver ions mg of Ag" per 
kg of the extraction solution, divided by the number of days 
of the respective of the extraction period 
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TABLE 

Extraction profile of the silver ions determined from the 
concentration of silver ions mg of Ag' per kg of the extraction 
solution, divideed by the number of days of the respective of the 

extraction period 

3 days 7 days 51 days 

a) O.1450 0.0525 O.O295 
b) O.1800 0.0525 O.O319 
c) (comparison) O1400 O.1225 O.O113 

0100. With an identical amount of mixed silver ions, it 
was seen that, in the case of the comparison experiment c) 
without addition of nanoureas, the amount of released silver 
ions decreases distinctly more rapidly than in the case of the 
addition of the nanoureas. In the period between 7 and 51 
days, in the comparison experiment c) in comparison to the 
experiments a) and b) only about one third of the silver ions 
is released. This shows that the antimicrobial action in the 
comparison experiment c) in comparison to the experiments 
a) and b) is considerably curtailed. In experiments a) and b). 
the desired delayed release of the silver nitrate ions is 
realized. 
0101 Although the invention has been described in detail 
in the foregoing for the purpose of illustration, it is to be 
understood that such detail is solely for that purpose and that 
variations can be made therein by those skilled in the art 
without departing from the spirit and scope of the invention 
except as it may be limited by the claims. 
What is claimed is: 
1. Process for the preparation of biologically active com 

pound-containing, aqueous nanourea dispersions, in which 
A) nanoureas are formed by reaction of hydrophilized 

polyisocyanates in an aqueous medium with the for 
mation of urea structures —NH CO) NH , where 

B) at least one active compound is added before, during 
or after the urea formation in A). 

2. Process according to claim 1, wherein the aqueous 
medium in A) is a water-containing mixture containing at 
least 95% by weight of water. 
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3. Process according to claim 1, wherein the hydro 
philized polyisocyanate is a non-ionically hydrophilized 
polyisocyanate. 

4. Process according to claim 1, wherein hydrophilized 
polyisocyanate is based on polyisocyanates having exclu 
sively aliphatically or cycloaliphatically bonded isocyanate 
groups or mixtures thereof. 

5. Process according to claim 1, further comprising the 
addition of one or more catalysts for urea formation. 

6. Process according to claim 5, wherein the catalysts are 
tertiary amines. 

7. Process according to claim 1, wherein the molar ratio 
of NCO groups of the hydrophilized polyisocyanates to 
water is 1:30 to 1:10. 

8. Process according to claim 1, wherein, in A), the 
hydrophilized polyisocyanates are incorporated into the 
aqueous medium in portions. 

9. Process according to claim 1, wherein active compound 
not bound by the dispersion is subsequently removed from 
the dispersion. 

10. Process according to claim 1, wherein the amount of 
active compound is calculated Such that, in the active 
compound-loaded dispersion, a content of 5 to 15% by 
weight of bound active compound results, based on the total 
Solids content of the dispersion. 

11. Dispersions obtained by the process according to 
claim 1. 

12. Nanourea particles having an average particle size of 
10 to 300 nm as determined according to laser correlation 
spectroscopy, the particles comprising a biologically active 
compound. 

13. Nanourea particles according to claim 12, the particles 
having an active compound concentration of 5 to 15% by 
weight. 

14. Coating formulations, coatings, materials and moul 
ded articles obtained using dispersions according to claim 11 

15. Coating formulations, coatings, materials and moul 
ded articles obtained using particles according to claim 12. 


